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ABSTRACT 
Biodiversity serves as a benchmark for healthy ecosystems. Sadly, many of our ecosystems are in 
danger because of a tremendous loss of biodiversity. Trees play an important role in preserving 
biodiversity in neighborhood landscapes. The problem is we do not know the extent to which people 
prefer a diversity of tree species in neighborhood landscapes. Landscape preference is a quick and 
essential assessment of how people imagine they would function in a landscape. This study explores 
how greenness levels and tree species richness affect preference for neighborhood landscapes. I 
conducted a systematic assessment of greenness and biodiversity and designed multiple virtual reality 
landscape simulations as alternatives to traditional photo and video methods of exploring landscape 
preference. The 18 landscape simulations I created were grouped into 2 levels of greenness (20-29% and 
40-49% tree cover) and 3 levels of tree species richness (low, medium, and high). Each participant was 
randomly assigned to 9 scenes associated with one of the two greenness levels, and they rated their 
preferences for the different scenes on a written questionnaire. Results reinforce past research showing 
that people prefer greener landscapes. They also indicate that people do not prefer one level of tree 
species richness over another, suggesting that increased biodiversity does not lead to a decrease in 
preference. The implications are that tree species richness ought to be increased. Landscape architects 
and urban forest practitioners should pay more attention to preserving biodiversity in design. In addition, 
visual reality simulations should be explored as a research tool for creating more engaging landscape 
experiences. 
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INTRODUCTION 
Biodiversity is one important component of a healthy ecosystem. Losing biodiversity impairs ecosystem 
resiliency. Diverse species richness protects and helps ecosystems recover after they experience 
ecological damage. Today, loss of biodiversity is a major global concern. The species extinction rate is 
100 to 1000 times greater than the historical average (Millennium Ecosystem Assessment, 2005). More 
than 2,000 species worldwide are either endangered or threatened, and of these, 1,436 species exist in 
the U.S. alone (U.S. Fish & Wildlife Service, 2013). About 10 to 30% of bird and mammal species are 
on the edge of extinction, and genetic diversity is declining worldwide (Millennium Ecosystem 
Assessment, 2005). Though the problem is enormous and global, there is evidence that small increases 
in species richness will help restore ecosystem health (Raupp, Shrewsbury and Herms, 2010).  
 
Landscape designers could help address this problem by designing more diverse plantings. For instance, 
in designing an urban forest, designers could strive to increase the diversity of trees planted. 
Unfortunately, taking this action would defy a great deal of design dogma about community planting 
settings. The pervasive landscape aesthetic values simplicity and unity over complexity and diversity. 
Planting a single species of tree along a street achieves simplicity, and examples of such designs can be 
observed across the world. Though designing a more diverse planting palette seems feasible, the 
problem lies in how people will react towards more diverse planting designs. Do people prefer a unified, 
limited-species tree planting design over ones that are more diverse? To answer this question, we relied 
on people’s ability to report their preference for landscapes that varied systematically in terms of the 
diversity of the trees planted. Landscape preference is more than the exploration of landscape aesthetic; 
it is an immediate assessment of how people imagine they will function in a place (Kaplan and Kaplan, 
1989). It reveals how much people want to explore and engage with a site. It suggests psychological 
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benefits and reveals how much people will enjoy, engage with, and explore certain landscapes.  
 
This thesis examines the relationship between landscape preference and tree species richness in 
neighborhood landscapes. To what extent do people perceive changes in species richness of woody 
plants? Do higher levels of species richness lead to lower preference in neighborhood landscapes? Our 
study uses virtual reality to mimic, as close as possible, actual site experiences. We used the 
3-dimensional modeling software Maya and OnyxTREE to construct the virtual scenes. We offered 
participants a direct and immersive experience with each site using navigation tools in 3-dimensional 
landscape simulations. These methods extend traditional approaches to presenting design possibilities 
and allowed us to examine which natural elements participants care about in neighborhood settings.  
 
In sum, this thesis explores how tree species richness and greenness influence landscape preference in 
our neighborhood landscape. It uses virtual reality as a method for studying landscape preference. 
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BACKGROUND 
1. Unity in design education 
Landscape architects have been taught the value of creating uniform tree compositions for a long time. 
The gardens at Versailles, for instance, place the greatest aesthetic value on unified planting 
configurations and have become a design standard for later landscape designers. Many landscape 
educators teach design principles of creating simplicity and unity (Ingels, 1983; Nelson, 2000; Arnold, 
1980; Booth and Hiss, 2011; Bertauski, 2005). These educators emphasize the unity of planting 
materials. Simplicity is the first principle of design and can be incorporated by repeated use of the same 
species of plant (Ingels, 1983). Mass planting of the same species is also taught as an easy way to gain 
balance through landscape materials (Bertauski, 2005). In the book Residential Landscape 
Architecture-Design Process for the Private Residence, unity has been listed as the second design 
principle (Booth and Hiss, 2011). Moreover, Booth and Hiss argue that order is achieved through 
grouping trees of similar size, shape, color and texture.  
 
Arnold (1980) highlights the need for order in urban design and criticizes “variety” and “diversity” in 
landscapes. Diversity of planting materials is referred to as visual disorder, and Arnold goes so far as to 
suggest that people do not prefer planting schemes that include a variety of tree species.  
 
While scientists and concerned citizens work hard to protect ecosystem diversity, landscape architecture 
education has traditionally taught future professionals to design environments that keep ecosystem 
diversity to a minimum. The findings of this research may contribute to a change in landscape education 
and practical design.  
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2. Landscape preference 
2.1 Evolutionary origin of preference 
There is general agreement in the Environment-Behavior literature that evolution played a fundamental 
role in shaping human preference for various landscapes. Past research assumes preference for landscape 
settings emerged in order to “solve problems of survival and reproduction in humanity’s ancestral 
environment” (Heylighten, 2011). Kaplan and Kaplan (1982) suggest that environmental preferences 
represent a person’s unconscious assessment of how well they will function in a given landscape. They 
argue that individuals respond to both the content in the landscape, that is, the elements that make up the 
landscape, and the arrangement of those objects. The Savannah theory of landscape preference suggests 
the reason people prefer savannah is that the first humans emerged from a savannah that was ideally 
suited to our success as a species (Orians, 1986). Prospect-refuge theory, which relies on Darwin’s 
theory of habitat selection, states that landscape satisfaction accords with our biological needs. In order 
to have a sense of safety and survival, people prefer landscapes in which they can see but not be seen 
(Appleton, 1975). These theories argue that landscape preference is an innate character of the human 
evolutionary process (Kaymaz, 2012).  
 
2.2 Preference matrix  
Preference matrixes have been used to explain why people prefer certain natural environments. Kaplan, 
Kaplan and Ryan., (1998) suggest that people have a strong urge to understand and explore their 
surrounding environment. If they fail to understand a landscape or have a sense of insecurity, they are 
more likely to get distressed and will indicate their dislike of this landscape. People also seek landscapes 
that allow for exploration by offering new challenges and information. Kaplan et al. use this 
understanding and exploration framework to establish four criteria of landscape preference (Table 1). 
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People need coherence and legibility to understand landscapes, and complexity and mystery to 
encourage them to continue exploring. Coherence refers to the order of landscape elements, and 
complexity speaks for its richness in the setting. Higher levels of richness or variety encourage 
exploration, unless it begins to feel overwhelming because there is too much complexity. All four of 
these characteristics combine to shape and forge people’s impression and experience with landscape 
(Kaplan et al., 1998).  
 
 
Availability of Information 
Human Needs 
Understand Explore 
Immediate Coherence Complexity 
Inferred Legibility Mystery 
 
Table 1 - Landscape preference matrix table (Kaplan et al., 1998)  
 
This study’s research design is based on Kaplan’s preference matrix. In our study, we control, or hold 
constant, the level of coherence and examine people’s reaction to various levels of complexity in tree 
species diversity. For example, the site setting in which we simulate three levels of tree species richness 
is the same—a neighborhood street scene. We have known that coherence and complexity share mutual 
interaction with each other. In this case, we rule out the influence of coherence (because we hold it 
constant) and simply test complexity and its influence on preference.  
 
2.3 Landscape preference on natural settings 
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Past research has established that people have relatively high preference for natural settings. People have 
higher preference for some natural settings compared to built environments (Kaplan & Kaplan, 1989). 
Among differing urban scenes, not only is nature in a city highly preferred, but a higher level of 
vegetation is strongly preferred over less vegetation (Herzog, Kaplan and Kaplan, 1982). Trees in green 
spaces may also exert influence on preference and social interactions (Coley, Sullivan and Kuo, 1997; 
Kuo, Bacaicoa and Sullivan, 1998). In some urban neighborhoods, people are far more active in green 
spaces with trees than in similar spaces without trees. Scenes with the presence of trees often receive 
more favor than scenes without trees (Sullivan & Lovell, 2006). Nasar’s research on visual preference of 
urban street scenes shows that people prefer open scenes that are well-kept and orderly and where nature 
is prominent (1984). Nasar also mentions diversity of plants with respect to preference but suggests that 
we need further research to better understand the impacts of plant diversity on preference. Past research 
has indicated the importance of greenness, particularly greenness from trees, in preference. Our study 
extends this research by conducting a systematic assessment of greenness and testing people’s 
preference for settings that vary in terms of species richness.  
 
3. Biodiversity and human well-being 
Understanding the relationship between biodiversity and preference is key to human well-being. 
Biodiversity is crucial for ecological preservation. There is ubiquitous concern about habitat loss and 
degradation within the scholarly community. Habitat destruction caused by urban sprawl is one of the 
main reasons for biodiversity loss. Indirect drivers such as a growing population, technology and 
lifestyle also affect biodiversity, which in turn affects human well-being (Millennium Ecosystem 
Assessment, 2005). Human well-being depends upon healthy ecosystems in many ways. By extracting 
direct services like food and freshwater, humans gain basic materials for a good life from healthy 
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ecosystems. Furthermore, regulations for climate, flood, disease and water directly affect people’s sense 
of health. Thus, biodiversity directly impacts human well-being because higher diversity leads to 
healthier ecosystems which in turn benefit humans.  
 
Evidence shows that even small changes in plant species richness, especially herbaceous plants, will 
increase the biodiversity of insects dramatically (Raupp et al., 2010). Raupp et al., (2010) also claims 
that many factors will influence biodiversity, including plant density, abundance, diversity, vegetation 
complexity, and pattern of land use. This suggests the need for landscape architects to understand the 
relationship between biodiversity and landscape preference. If higher levels of biodiversity produce the 
same or even higher levels of landscape preference, then even a small change in species richness will not 
only preserve ecosystem health but may also improve well-being.  
 
What is striking is the lack of empirical evidence for how people respond to various levels of 
biodiversity in the landscape. Though Nasar (1984) suggests a positive relationship between diverse 
street scenes and preference, he also expresses a need for further research within those variables (1984). 
Kurs and Baudians (2010) study people’s preference of biodiversity in their front yards. They invite 
residents to rate their preference for photos with high and low habitat diversity. Results revealed that 
people favor higher diversity in general (Kurz and Baudains, 2010). Yet there is a lack of evidence to 
indicate a direct relationship between species richness and preference. It is uncertain whether a different 
composition of plants, as displayed in the photos, would also alter preference.  
 
This study extends previous research on landscape preference of natural settings by conducting a 
systematic assessment of greenness and tree species richness in neighborhood landscapes. We compared 
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preference and assessment of health for two levels of greenness across three levels of biodiversity. This 
study also helps us understand the extent to which whether there is a cost, as many of the books about 
planting design suggest, to higher levels of biodiversity in plant selection. We also asked to what extent 
the density of tree cover impacts preference. We are constantly challenged by the loss of biodiversity 
and are responsible for the preservation of our eco-system. If a relationship between tree species 
richness and landscape preference is discovered, it will be beneficial to ecological preservation and 
human well-being. Furthermore, if results show that there is no cost, in terms of preference, to including 
higher levels of tree species richness in landscape designs, then such findings will challenge many 
design aesthetics held by landscape designers.  
 
4. Landscape simulation 
The traditional method of examining landscape preference is through a photo questionnaire (Kenwick, 
Shamin and Sullivan, 2009). The majority of researchers use images of real or simulated settings to 
obtain preference ratings (Kaplan, 1985; Herzog et al., 1982; Kurz and Baudains, 2010). Kurz and 
Baudains (2010) used photos of front yards and garden landscapes in Australia to explore landscape 
preference between high and low-habitat garden landscapes. An expert ecologist viewed the photos and 
determined whether they were high or low habitat (Kurz and Baudains, 2010). Fuller, Irvine, 
Deving-Wright, Warren and Gaston., (2007) also used photos to explore landscape preference among 
312 participants. They used semi-structured interviews and questionnaires, asking participants to rate 
their agreement with various statements about the landscapes (Fuller et al., 2007). Photo simulation is 
beneficial because it is easy to use in laboratory settings and conveniently controls unwanted variables. 
For researchers who want to find out the influence of a single variable in a complex setting, photo 
simulation helps to eliminate other changing variables that may affect the target variable.  
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Photo and video simulation do well at mimicking reality, but they do not allow viewers to interact with 
and experience the environment. When viewing a photo or video, participants cannot instantly respond 
to an environment in the same way they do when they experience a real site. It is possible to use a real 
site experience to test people’s preference, but, in doing so, it is hard to control other variables. When 
multiple uncontrolled variables coexist, it is almost impossible to make a convincing conclusion about 
any particular variable. Moreover, real site experience reduces the flexibility for participants. This 
method is more costly and time consuming compared to photo and video simulations. Thus, it is 
reasonable to use a virtual reality simulation to mimic real site experience in order to control unwanted 
variables. Visual depth and an interactive experience with the surrounding environment can help 
participants imagine the place better, but a virtual environment helps researchers get accurate responses 
about a targeted component.  
 
5. Using virtual reality to simulate the experience of a site 
Virtual reality is a computer-simulated environment that allows viewers to have a more dynamic 
experience of a setting compared to a picture or a video (Brooks, 1999). It is displayed either on a 
computer screen or stereoscopic display. Virtual reality has been widely used in many fields. Virtual 
reality games have been used to help rehabilitate individuals with neurological conditions and have been 
shown to offer valuable information to users (Gwyn and Juliet, 2012). A 3-D virtual environment 
technique used in art education reflected positive feedback in the student learning process (Lu, 2013). It 
is also utilized by neuroscientists to create natural events and social interactions for therapy purposes 
(Bohil, Alicea and Biocca, 2011). Yet, to our knowledge, virtual reality has never been used in 
landscape architecture to study landscape preference. Virtual reality allows participants to have new site 
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experiences. It allows participants to dynamically control vision and motion by using a control device. 
In addition, stereoscopic displays give a visual depth that is closer to our visual sense. 
 
6. Biodiversity assessment  
In terms of biodiversity assessment, species richness is the simplest way to reflect regional and 
community diversity. Gotelli and Colwell (2001) suggest using taxon-sampling curves to quantify 
species richness, especially tropical trees, stream invertebrates and herbaceous plants. One approach to 
creating taxon-sampling is to measure a certain quantity of trees at random within each plot and record 
individual trees one after another. Another way is to set up quadrats in each plot and then measure every 
tree species and number within the plot. This is called sample-based assessment. Fuller et al., (2007) 
used sample-based assessment to explore biodiversity and its psychological benefits. They demonstrated 
that an increase in species richness in urban green spaces resulted in psychological benefits. They chose 
a sample-based assessment of 20 quadrats of 1m2 which included seven different habitat types. All 
herbaceous plants were measured in each quadrat, and woody species were sampled in 10 by 10 meter 
quadrats (Fuller et al., 2007). They used habitat heterogeneity, tree cover and species richness to define 
biodiversity value. The landscape simulation was constructed based on a previous biodiversity 
assessment and chosen tree species richness as a direct way to reflect change in biodiversity. The results 
revealed that as species richness increased, so did measures of psychological wellbeing.  
 
7. Research questions 
There is a research gap between landscape preference and woody plant richness; therefore, this study 
explores the relationship between tree species richness and landscape preference. Does higher 
biodiversity, especially plant species richness, reduce landscape preference as our design texts lead us to 
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believe? Does the pattern of results vary at different densities of trees? In summary, this paper tries to 
improve the field of landscape design and biodiversity preservation by exploring people’s preference for 
species richness. It introduces virtual reality simulations, a new technology, which has not been used in 
the field of landscape architecture, and tries to reveal the relationship between tree richness and 
landscape preference.  
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METHODOLOGY 
In order to answer the questions above, we built a 3-D model of three landscape sites that varied in terms 
of the density of vegetation and the diversity of the tree species within each site. Adults from the 
Champaign-Urbana area then engaged with these landscapes for short time periods and recorded their 
preferences and other reactions.  
 
1. Scenes categorization 
The 3-D models were set up as typical street scenes in neighborhood landscapes. There were 18 scenes 
in total (Figs. 1-18). There were two levels of tree cover density (20-29% and 40-49%) and three levels 
of biodiversity: low, medium, and high. For each level of biodiversity, there were three sites (Site A, 
Site B and Site C) to reduce the influence of non-biodiversity characteristics on our outcome measures. 
The combination of the two levels of tree cover density and the three levels of biodiversity resulted in 18 
simulations that are described in Table 2.  
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Greenness 
percentage  
Low-level  
(three species) 
Medium-level  
(six species) 
High-level  
(nine species) 
20%-29%  
9 trees 
SITE A 
SITE B 
SITE C  
SITE A 
SITE B 
SITE C  
SITE A 
SITE B 
SITE C  
40%-49%  
18 trees 
SITE A 
SITE B 
SITE C  
SITE A 
SITE B 
SITE C  
SITE A 
SITE B 
SITE C  
 
Table 2 - Scenes categorization 
           
Figs. 1, 2, 3 - Site A 20% greenness: Low (3 species), Medium (6 species), High (9 species) 
           
Figs. 4, 5, 6 - Site B 20% greenness: Low (3 species), Medium (6 species), High (9 species) 
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Figs. 7, 8, 9 - Site C 20% greenness: Low (3 species), Medium (6 species), High (9 species) 
           
Figs. 10, 11, 12 - Site A 40% greenness: Low (3 species), Medium (6 species), High (9 species) 
           
Figs. 13, 14, 15 - Site B 40% greenness: Low (3 species), Medium (6 species), High (9 species) 
           
Figs. 16, 17, 18 - Site C 40% greenness: Low (3 species), Medium (6 species), High (9 species) 
 
The sample area for each site was 50 square meters. All three sites have homes with the same 
architectural style, size and texture (Fig. 19). All scenes were constructed to represent a real 
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environment, and included details such as curbs, turf grass and sky. By observing the typical tree 
planting pattern in the Midwestern US, we constructed a constant planting scheme and then varied the 
number of trees and the tree species. For the low tree density simulations (20-29% tree cover), the total 
number of trees is 9. For the higher tree density simulations (40-49% tree cover), the number of trees is 
18. The constant planting pattern helps to reduce unwanted variables. For example, for Site A in one 
level of greenness, the location of trees is held constant from low-level to high level tree diversity. The 
only variable is the species richness.  
 
2. Tree selection  
Trees were selected according to the Urbana-Champaign Tree Atlas (Jones and Bell, 1974). These trees 
were selected according to their frequency in the Altas and whether they were native to central Illinois. 
We selected 9 tree species: American elm, white oak, silver maple, green ash, honey locust, black 
walnut, hop-hornbeam, eastern cottonwood, and wild black cherry. Scenes with all 9 species were 
categorized as high biodiversity, scenes containing 6 trees (American elm, white oak, silver maple, 
green ash, honey locust, black walnut) were medium biodiversity, and scenes containing 3 trees 
(American elm, white oak, silver maple) were low biodiversity. 
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Fig. 19 - Site A, Site B, and Site C top view  
 
3. Scenes construction procedures 
The scene construction method used in this study goes beyond the traditional photo or video simulation. 
It introduces virtual reality to mimic a real site. One important step was making models and design 
simulations. The software used in this research to make simulations included Maya, Virtual Maya, and 
OnyxTREE Broadleaf Modeler (Onyx Computing, Inc, Cambridge, MA, USA). OnyxTREE Broadleaf 
Modeler was used to model all 9 tree species. Its interface was easy to use and allowed me to build trees 
from scratch or choose trees from an existing library to modify. This software could adjust tree height, 
canopy, branch pattern, leaf shape and so forth. Scenes with a low biodiversity had multiple examples of 
the same-species, and OnyxTREE allowed me to make sure that none of the trees were identical to other 
trees.  
 
Scenes were all compiled in Maya 3-D and converted to a stereo experience-that is, a 3-D 
experience-using Virtual Maya. Maya is 3-D modeling software used to create animation. Tree 
simulations made with OnyxTREE were imported in Maya according to the exact planting pattern. All 
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details like curbs, turf grass and skybox were made in Maya as 3-D models. Texture and lighting were 
attached on the surface of the models to add detail. Professor Gary Kling provided me with photos of the 
nine tree species that I then used to model tree textures, leaves, twigs, and bark. In order to mimic the 
local context, I added cornfields between sites and the background forest, which helped to increase 
depth perception. After all scenes were constructed, Virtual Maya was introduced to turn the 3-D models 
into a stereo site experiences. A stereo site experience allows viewers to have an immersive, interactive 
experience with the environment. Finally, after numerous tests with computers and projectors, we 
displayed the scenes on a 4K-resolution screen for the experiment. This screen has a resolution 
considerably higher than a typical off-the-shelf high definition television. 
 
4. Participants and experiment procedure 
28 adults participated in this experiment, 18 males and 10 females. All participants were students from 
the University of Illinois at Urbana-Champaign. Among those participants, 12 were students with a 
landscape architecture background, and 16 had no landscape architecture background. Participants were 
randomly assigned to one tree density and saw all 9 scenes associated with that density. Fourteen 
participants experienced scenes with 20-29% greenness, and 14 experienced scenes with 40-49% levels. 
Each person experienced 9 scenes with varying levels of biodiversity. The sequence was exactly 
followed Site A-low, Site A-medium, Site A-high, Site B-low, Site B-medium, Site B-high, Site C-low, 
Site C-medium, Site C-high.  
 
Participants were invited into a demo room and sat in front of a 4K-resolution stereoscopic display. 
After an introduction of objectives and overall procedure to the experiment, they completed a short 
demographic questionnaire and gave their consent. Because cultural factors can influence perception of 
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landscape, the experiment was restricted to participants who have lived in the United State for over five 
years. This guaranteed that all the participants had some experience with Midwestern landscapes. 
Participants wore 3-D glasses in order to sense the depth of the environment fully (Figs. 20, 21, 22). 
They were provided with a control panel that allowed them to control vision and motion at their will. 
For each scene, participants had 1 or 2 minutes to explore the site before moving on to the next scene. 
After each site scene, they were asked two questions: How much do you prefer this scene? How healthy 
is it? After all 9 scenes, they answered another question: In comparing the 9 sites, to what extend have 
you noticed the changes in the following items? Options were sky, roads, houses, trees and grass. They 
answered using a five-point Likert scale ranging from not at all to very much.  
  
 
Figs. 20, 21, 22 - Participants doing survey 
 
5. Data analysis method 
Responses were analyzed using SPSS statistic 20. To examine the effect of greenness and biodiversity 
levels on people’s preference and assessment of health, two-way ANOVAs were conducted. Greenness 
and biodiversity levels were coded in to dummy variables and entered into the models. Both models 
controlled for the participants’ gender. 
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RESULTS 
Results address two main questions: to what extent does biodiversity predict preference and assessments 
of the health of the environment? do the findings hold for the two levels of greeness? The results are 
presented in two parts. The first examines the extent to which biodiversity predicts preference and 
whether the findings hold for the two levels of greenness. The second part examines the extent to which 
biodiversity predicts assessments of the health of an environment.     
 
To what extent does biodiversity predict preference? To answer this question, we compared the mean 
approval rating (at both the 20% and 40% greenness levels) for the three levels of biodiversity. A 
one-way ANOVA found that the level of biodiversity did not predict preference (F=2.5, p not significant, 
Table 3). This suggests that people had equal preference for low (three tree species), medium (six tree 
species) and high (nine tree species) levels of biodiversity (Fig. 23). 
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Fig. 23 - Preference for three levels of biodiversity for both tree densities 
 
 
 
 
 Sum of Squares Df Mean Square F Sig. 
Between Groups 4.675 2 2.337 2.539 .081 
Within Groups 229.179 249 .920 
  
Total 233.853 251 
   
 
Table 3 - One-way ANOVA analysis for preference as variable across three levels of biodiversity based 
on landscape simulation questionnaire 
 
Does this finding hold for the two levels of tree density? To answer this question, all data were analyzed 
with two-way analysis of variance with the three levels of biodiversity and the two levels of greenness 
as independent variables. We conducted repeated ANOVAs comparing the mean approval ratings for the 
two levels of greenness across the three levels of biodiversity. In terms of biodiversity, as can be seen in 
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Fig. 24, findings hold the same for the two levels of greenness. Results imply that there is no preference 
difference within each level of greenness across the three levels of biodiversity. However, results show 
that there is a significant preference related to the two levels of tree density (F=6.1, p<0.05). For each 
level of biodiversity, people have a greater preference for the higher greenness level (Table 4).  
 
 
Fig. 24 - Preference for two levels of greenness across three levels of biodiversity based on landscape 
simulation questionnaire 
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Dependent Variable: preference 
Source Type III Sum of 
Squares 
Df Mean Square F Sig. 
Corrected Model 11.200a 5 2.240 2.475 .033 
Intercept 2566.857 1 2566.857 2836.013 .000 
Biodiversity 4.716 2 2.358 2.605 .076 
GreenPercent 5.524 1 5.524 6.103 .014 
Biodiversity * GreenPercent 1.002 2 .501 .553 .576 
Error 222.653 246 .905   
Total 2831.000 252    
Corrected Total 233.853 251    
a. R Squared = .048 (Adjusted R Squared = .029) 
 
Table 4 - Two-way ANOVA analysis of preference for two levels of greenness across three levels of 
biodiversity based on landscape simulation questionnaire 
 
To what extent does biodiversity predict assessment of the health of the landscape? To answer this 
question, all data were analyzed by one-way analysis of variance with the three levels of biodiversity as 
independent variables. As can be seen in Fig. 25, results show that there is no significant difference 
across the three levels of biodiversity on assessment of health. This indicates that people have similar 
assessments of health of an environment across the three levels of biodiversity (Table 5). 
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Fig. 25 - Assessment of health for three levels of biodiversity based on landscape simulation 
questionnaire 
 
  
 Sum of Squares Df Mean Square F Sig. 
Between Groups .294 2 .147 .156 .856 
Within Groups 234.119 249 .940   
Total 234.413 251    
 
Table 5 - One-way ANOVA analysis for assessment of health as variable across three levels of 
biodiversity based on landscape simulation questionnaire 
 
Do the findings hold for the two levels of greenness for assessments of health? To answer this question, 
I conducted a two-way analysis of variance with the three levels of biodiversity and the two levels of 
greenness as independent variables and health assessment as the dependent variable. The results showed 
that there is no relationship between levels of biodiversity at the two levels of tree density and 
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assessments of environmental health (F=0.15, p not significant, Table 6). Results did reveal, however, 
that there is a significant difference in health assessments for the two levels of greenness. As can be seen 
in Fig. 26, higher levels of greenness resulted in apparently greater assessments of health for every level 
of biodiversity; however this was significant only at the high level of biodiversity. Participants generally 
rated settings that had higher levels of greenness as healthier.  
 
 
 
 
Fig. 26 - Assessment of health for the two levels of greenness across the three levels of biodiversity 
based on landscape simulation questionnaire 
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Dependent Variable: health 
Source Type III Sum of 
Squares 
df Mean Square F Sig. 
Corrected Model 14.823a 5 2.965 3.321 .006 
Intercept 2813.402 1 2813.402 3151.772 .000 
Biodiversity .270 2 .135 .151 .860 
GreenPercent 11.386 1 11.386 12.755 .000 
Biodiversity * GreenPercent 3.143 2 1.572 1.761 .174 
Error 219.590 246 .893   
Total 3088.000 252    
Corrected Total 234.413 251    
a. R Squared = .063 (Adjusted R Squared = .044) 
 
Table 6 - Two-way ANOVA analysis of assessment of health for two levels of greenness across three 
levels of biodiversity based on landscape simulation questionnaire 
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DISCUSSION 
This study examined the extent to which participants valued of various levels of biodiversity and two 
levels of greenness in neighborhood landscapes. The findings reveal people prefer neighborhood 
landscapes with higher levels of greenness and that they show no preference for one level of biodiversity 
over another. Participants also rated greener neighborhood landscapes as healthier than their less green 
counterparts. But the level of biodiversity had no impact on ratings of perceived landscape health.  
 
These findings provide new information about people’s landscape preference for different levels of tree 
species richness in neighborhood landscapes, suggesting design alternatives for the tree palette in 
communities, and raising new questions regarding the role of biodiversity in neighborhoods and healthy 
ecosystems.  
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CONTRIBUTION 
The findings support and extend our understanding of the role of natural elements in neighborhood 
landscapes. First, my findings reinforce previous research on preference between natural and built 
environments. This study extends previous research by conducting a systematic assessment of greenness 
at two precisely measured levels. The findings are consistent with previous research on preference for 
the built environment (Kaplan, 1985; Ulrich, 1981; Sullivan, Anderson and Lovell., 2004). The results 
reinforce our understanding that greenness in neighborhood landscapes has a positive relationship to 
greater preference for neighborhood landscapes. A higher percentage of greenness predicts greater 
preference.  
 
A second contribution of this work is to explore people’s perception of biodiversity in neighborhood 
landscapes. Participants explored neighborhood landscapes that varied in diversity of tree species. We 
found no differences in preference for various levels of tree species richness in this work. We also found 
no difference in their assessment of the health of the landscape in simulations that had three, six or nine 
different tree species. These findings indicate high levels of species richness are as preferred as medium 
and low levels of species richness.  
 
This study also extends the field of research by examining greenness and biodiversity as variables at the 
same time and comparing their joint influences. We control the level of greenness while changing the 
level of tree species richness. That people show no preference for less diverse tree plantings is a 
promising finding for three reasons. First, landscape architects are often taught that lower levels of tree 
species richness is a feature of good design. These findings challenge that practice. Second, in this era of 
great loss of biological diversity across the earth, we must find ways to increase species richness at local 
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levels. These findings suggest that the public would not object neighborhood landscapes with higher 
levels of species richness. And finally, the findings provide evidence to support landscape planners who 
seek to create healthier neighborhood landscape ecosystems.  
 
The third contribution is that this study grows from the use of virtual reality as a way to experience 
landscape simulations. I used Maya and OnyxTREE to create 3-D simulations of neighborhood 
landscapes that research participants could explore by “walking” around the neighborhood. Virtual 
Maya is adapted to convert a 2-D display into a stereo site experience. The landscape simulation 
methods used in this study extend traditional preference assessment methods like photo or video 
simulations that provide only one way to engage with a site. To our knowledge, this is the first time 
research participants were encouraged to experience landscapes by controlling their movement through a 
3-D display. Participants decided how to move around the landscape, rather than experiencing it only 
from the vantage point identified by the researchers. The use of 3-D display that allow viewers to 
become immersive in a theoretical landscape and control how they experience that landscape is a new 
valuable research tool that could be greatly enhance future studies by landscape scholars.   
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IMPLICATIONS 
The findings demonstrate that an increase in greenness level in neighborhood landscapes is preferred. 
Since people did not prefer one level of species richness over the other two, we have every reason to 
promote biodiversity preservation in neighborhood landscapes. By increasing not only the number of 
trees but also the diversity of tree species, we will have healthier and more resilient neighborhood 
landscapes.  
 
These findings directly impact future landscape design. In general, landscape practitioners and educators 
prefer the aesthetic value of unity over variety. Our findings challenge this pervasive design perspective, 
which often uses only one species of trees along streets or in other public places. A small number of tree 
species in a planting design palette impedes the landscape’s ability to avoid or recover from diseases or 
other stresses. In neighborhood landscapes with monoculture tree plantings, once one tree succumbs to a 
disease, all of the trees in the area are at risk for being decimated. In order to have a long-lasting 
beneficial influence on the ecosystem, decision makers should consider increasing species richness in 
landscapes, starting with community streets.  
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FUTURE RESEARCH 
Biodiversity in this study refers to tree species richness of neighborhood landscapes. The richness of 
biodiversity of other elements, such as herbaceous plants, lawns and shrubs, could also be considered. I 
explored the relationship between the diversity of trees and preference; I did not examine the influence 
of herbaceous biodiversity on preference. Future studies should examine the extent to which other 
elements such as the diversity of shrubs matter in terms of preference. More questions can be explored: 
To what extent does the organization of various natural elements matter in perception of biodiversity 
and preference? Do native species have a higher order of influence on preference and biodiversity? 
 
I went to great lengths in this study to create a smooth, interactive and immersive site experience for 
each participant, no matter how they chose to walk around the neighborhood landscapes. Virtual reality 
using 3-D modeling software is a promising method for landscape preference studies. Viewers will no 
longer be constrained by traditional pictures or videotape frames and may truly interact with the 
environment and instantly respond. Future researchers could develop user experiences that are even 
smoother and more detailed than the experiences my participants had. Virtual Maya lacks real time 
rendering ability at this time. The software is incapable of rendering shadows for all scenes. There is 
also a limitation for how many vertices the computer can take for each scene. A balance is needed 
between smooth user experience and the amount of vertices it can handle. In addition, the control panel 
used in our study may be too flexible for participants. Our control panel offered 360 degrees of free 
vision control and could be manipulated anywhere along the horizontal X and Y axes. Not only were 
they able to move forward, backward and look around, but they could also tilt and lean. Some 
participants who did not have much experience with video games found this aspect hard to control. This 
undesirable user experience may have affected their preference for a site. Future researchers should 
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explore how much freedom is optimal in landscape simulations. 
 
Alternatively, researchers could explore 2-D landscape simulations for site experiences. Researchers 
could do this by using Unity 3-D to design video games and then launch them on normal computer 
screens for participants to explore. One benefit of that approach is that the controller is very simple to 
adapt, and scenes can be rendered with shadows and sounds. One disadvantage would be that it loses its 
3-D site experience. Instead of using stereo display, this method could only be used on computer 2-D 
screens. There is no version yet of Unity 3-D that allows the scenes to possess stereo effects. Yet, 
researchers could display the 2-D images on three large screens to create an immersive experience. 
These new approaches to landscape simulation could help viewers have a smoother, more immersive 
site experience.  
 
 
 
 
 
 
 
 
 
 
 
 
32 
 
CONCLUSION 
In neighborhood landscapes, changes in planting diversity and density of street trees should be the result 
of purposeful decisions that involve people’s preferences. The findings from this research show that 
people prefer neighborhood landscapes that contain a greater density of trees. Contrary to what much of 
landscape architectural education has taught for decades, there is no cost to increasing the diversity of 
tree species in neighborhood landscapes. Such findings provide justification for preserving and 
increasing biodiversity in neighborhood landscapes. Our argument is supported by strong evidence that 
neighborhood landscapes ought to have more diversity and density of trees. Designers, planners and 
citizens should keep pursuing healthy and diverse vegetation for landscape developments in 
neighborhoods. 
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